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Abstract
In these fluid dynamics videos, we, for the first time, show vari-
ous interactions of a ’Taylor bubble’ with their smaller and differently
shaped counterparts, in a shear thinning, non-Newtonian fluid, con-
fined in a narrow channel.
The dynamics of bubbles in a quiescent liquid is an important problem in
multiphase flow 1, 2. Small volumes of dispersed air introduced into a liquid
confined in a conduit generates spherical or cap shaped bubbles, whereas air
volumes larger than a critical value give rise to elongated, axisymmetric and
bullet shaped ’Taylor bubbles’. In this fluid dynamics video, we demonstrate
various interactions of Taylor bubbles with their smaller counterparts. The
medium in which the interactions are recorded is a common non-Newtonian
(shear thinning) liquid (shampoo).
A glass tube of inner diameter 12 mm and length 1.5 m is completely
filled with a commercial shampoo (Pantene Pro V). Small volumes of air
are introduced at the bottom of the tube, using a syringe. After the small
bubbles rise to a certain height in the channel, a bigger Taylor bubble is
introduced at the bottom. The faster rising Taylor bubble interacts with
the slowly upward moving satellite bubbles. The videos of the interactions
are recorded by a digital SLR camera, mounted on a tripod.
We observe that a comparatively larger spherical bubble gets deformed
and sits on the tip of the Taylor bubble. Both bubbles then traverse upward
as a single unit. A relatively smaller bubble slips from the tip and gets
entrapped in the draining liquid. This bubble is pushed downward through
the annular liquid film draining between the elongated bubble and the tube
wall. During its downward motion, the smaller bubble pushes the gas - liquid
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interface of the Taylor bubble inward. The deformation of the interface is
reversible. After the passage of the small bubble the Taylor bubble regains
its original shape, resembling a cushion or a bean bag. We speculate that
this is due to the viscoelastic nature of the air-liquid interface. The small
bubble comes out of the draining liquid and moves into the bulk fluid, while
the Taylor bubble moves up.
A unique phenomenon occurs when two equal sized bubbles interact with
the Taylor bubble. Initially, both the bubbles sit one above the other on
the Taylor bubble tip. After a while, the middle bubble is drained along
the liquid film while the upper one sits on the tip. The falling bubble
deforms the interface as described above. However when it comes out of
the draining liquid, it changes its direction of motion and gets attached to
the tail of the Taylor bubble. At this point, the motion of the small bubble
shows a component of velocity perpendicular to the direction of motion of
the Taylor bubble. The Taylor bubble now translates upward with satellite
bubbles perched at its front and rear ends. During the interactions, we did
not observe coalescence of bubbles.
Video 1 and Video 2.
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